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TO 
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Sep  78  i 

1.  ~In  order  to  adequately  model  performance  of  E-0  sensors  for  use  on  the 
realistic  battlefield,  one  element  required  Is  a  model  for  the  attenuation 
of  visible,  1.06um  and  IR  wavelength  energy  in  fog,  hazes,  rain  and  snow. 
This  model  should  relate  to  the  measure  of  how  far  we  are  capable  of  seeing, 
namely  the  visibility.  The  model  we  fme  chosen  has  the  form  of  a  Beer's 
Law  extinction, with  an  extinction  coefficient  which  relates  to  transmission 
In  the  following  manner: 


CMT  1 


T  = 

T  =  transmission 
^  «  Attenuation  Coefficient 
R  3  Range 


7 


The^  8-12,^  3-5  or^  1.06  Is  normally  plotted  on  log-log  graph  paper 
against  ^.55  which  directly  relates  to  the  visibility. 


2.  The  basic  data  for  the  NV&EOL  G/AP  Atmospheric  Model  has  been  collected 
during  tests  at  Fort  A.  P.  Hill,  Virginia,  Grafenwoehr  and  Baumholder,  FRG. 
The  data,  as  collected  at  AP  Hill,  has  been  broken  into  two  groupings; 
labeled  as  wet  and  dry  fog.  A  least  square  polynomial  fit  of  order  two  was 
carried  out  on  this  atmospheric  data.  The  fit  was  carried  out  In  the  log-log 
space  relating  the  scattering  attenuation  coefficients  of  the  8-12um  or 
(3-5um)  region  to  that  of  the  vlslblle  (.55um)  region,  ^he  resulting  curves 
are  shown  In  Figures  1  and  2.  Figure  1  shows  the  two  curves  one  for  each 
spectral  region  with  the  total  data  set  of  over  200  points  making  up  the 
curve  fit.  These  figures  must  be  considered  as  preliminary  as  more  data 
will  be  Included  In  the  curve  fit  as  It  becomes  available.  This  fit  will 

be  corrected  periodically. 

3.  The  data  utilized  gives  fits  of  the  following  form: 


y  =  a  +  bx  +  cx2 

where  y  Is  log  ^  3.5  or  log  *  being  log  6^  55 

Although  the  data  was  not  marked  as  wet  or  dry  for  Grafenwoehr  or  Baumholder, 
It  appears  through  the  data  plots  that  it  will  group  In  this  manner.  The 
Baumholder  data  being  dry  and  the  Grafenwoehr  data  being  wet.  This  has  been 
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4.  The  models 

and  fit  data  for  the 

3-5  vs. 

visible  curves 

are  the 

following: 

r^- linear 

Root 

A 

B 

C 

correlation 

Mean  Error 

All  Data 

-1.000 

2.404 

-.511 

.883 

.0147 

Dry  Data 

-1.667 

3. 398 

-.863 

.894 

.0115 

Wet  Data 

-.917 

2.595 

~.  782 

.824 

.0238 

5.  The  models 

and  fit 

data  for  the 

8-12  vs. 

.  visible  curves 

are  the 

following: 

r^-1 inear 

ABC  correlation 

All  Data  -.980  1.851  -.212  .837 

Dry  Data  -/7/ 2.565  -.328  .937 

Wet  Data  -1.144  2.871  -.895  .735 

Figure  2  shows  the  region  of  fit  for  these  curves. 

6.  The  data  upon  which  these  fits  have  been  obtained  are  shown  as  Table  I. 
The  data  is  shown  along  with  the  date  on  which  it  was  taken.  This  in  turn 
can  be  related  to  the  basic  experimental  data  upon  which  the  extinction 
coefficients  have  been  based. 

7.  Figure  5  shows  how  the  AP  Hill  data  compares  for  3-5  and  8-12  extinction 
coefficients  plotted  as  functions  of  one  another  in  two  different  ways.  One 
case  is  a  least  square  fit  of  these  data  directly  and  the  other  is  a  cross 
plot  using  the  least  square  fits  with  the  visible  extinction  as  a  parameter. 
It  is  shown  that  the  cross  plot  is  valid  in  the  regions  where  the  LSQF  is 
also  valid. 

8.  Data  for  the  1.06  micron  extinction  are  found  in  Table  II.  These  have 
been  curve  fit  to  the  form  outlined  in  Section  3  above.  In  this  case 

y  is  log  ^  .55 
x  is  log  1 .06 

2 

r  -linear 

A  B  C  correlation 

1.06  Data  .239  .751  -.281  .891 

The  curve  corresponding  to  this  fit  is  shown  in  Figure  6,„.. 

:\ 


\ 


Root 

Mean  Error 
.0161 


Root 

Mean  Error 
.0207 
.0158 
.0338 
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9.  The  following  expressions  have  been  obtained  as  fits  to  rain  and  snow 
data. 

Rain 

<3\  812  =  10.0**[1 .04  *  log1Q(+3-912/Rvis)+.037] 

^  3_5  =  10.0**[1 .12  *  log1Q(+3-912/Rvis)-.108] 

Snow 

<£\812  =  10.0**[. 993  *  log  10(+3-912/Rvis)+.114] 

^3-5  =  10.0**[1.05  *  log  1Q(+3*912/Rvis)+.021] 

In  these  expression  Rvis  is  the  visibility  range  in  kilometers. 
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